ABSTRACT. In the present study, the correlations among age, body weight, scrotal circumference (SC), semen quality and peripheral testosterone and estradiol-17β (E 2 ) concentrations were investigated in pubertal (n=5) and postpubertal (n=7) groups of Holstein bulls over a 6 week period. There were significant positive correlations (P<0.01) among age, body weight and SC in both groups, and similar significant correlations between sperm motility and SC in pubertal bulls (P<0.01) and between sperm concentration and SC in postpubertal bulls (P<0.05). The sperm motility after collection (P<0.05) and after freezing and thawing (P<0.01) of the postpubertal bulls correlated positively with the E 2 concentration. Estrogen may be important for the function of postpubertal bull testes, in which it may regulate spermatozoa motility in vivo. KEY WORDS: estrogen, postpubertal bull, sperm motility.
Early sperm collections from young bulls are often substandard in terms of sperm concentration, motility or morphology [9, 12] . However, some improvement in semen quality occurs with advancing age [17] . Scrotal circumference (SC) and sperm motility and morphology are the traits most closely correlated with the fertility of bulls [7, 15] . Moreover, measuring SC is particularly important in examination of yearling bulls, and it is highly correlated with sperm production and semen quality [3] . Bulls with an SC of 27.9 cm [14] or giving a first ejaculation with a total of 50 million sperm having at least 10% progressive motility after birth [12] can be considered to have reached puberty. Gonadotropins and gonadal steroids jointly regulate spermatogenesis and various other reproductive functions [2, 12, 19] . The emerging physiological roles of estrogens in male fertility have been considered recently in other animal species, particularly concerning the possible role of estrogens in functional regulation of efferent ductules and the epididymis [6, 11] , where sperm mature and acquire motility and fertilizing ability. Estradiol-17β (E 2 ) is also considered to be a germ cell survival factor in the human testis [16] . However, the precise role of estrogens in male animal reproduction in vivo is not clear. The aim of the present study was to investigate the relationships among age, body weight, SC, semen parameters and the peripheral concentrations of testosterone and E 2 in pubertal and postpubertal Holstein bulls.
Twelve Holstein bulls that were 8.5 to 18.0 months of age and reared and kept at the National Livestock Breeding Center (NLBC), Niikappu Station, Japan, were randomly selected and subjected to weekly peripheral blood sampling for 6 weeks. Blood samples were collected at the same time every week, and plasma was harvested immediately at -30°C until assayed for testosterone and E 2 . The SC was measured once at the beginning of the experiment and again after 4 weeks, and the average SC was determined for each bull; this ranged from 22.5 to 34.2 (mean ± SEM: 30.6 ± 1.2) cm. Semen from these bulls was collected once a week at the same time of collection of blood samples using an artificial vagina and was analyzed routinely at the NLBC to measure the semen volume, sperm concentration, progressive motility after collection (MAC) and progressive motility after freezing and thawing (MAT). An SC parameter of 27.9 cm [14] , and a first ejaculation quality of at least 50 million sperm with at least 10% progressive motility [12] were used as the standards to determine whether the bulls were pubertal or postpubertal without taking age into consideration; the bulls were then separated into group A (pubertal, n=5) or B (postpubertal, n=7) ( Table 1 ). The plasma concentrations of testosterone and E 2 were measured by enzyme immunoassay (EIA), as described previously [1] . The intra-and interassay coefficients of variation were 4.7% and 8.7% for the testosterone assay and 7.1% and 14.9% for the E 2 assay, respectively. JMP 5.0.1 (SAS, Japan) was used for statistical analysis, and probability values of P<0.05 were considered to be significant. The Student's t test was applied to compare the means within 2 groups. The pair-wise correlations among different parameters by group were determined from the pooled data using multivariate analysis.
Body weight, SC, semen volume, sperm concentration, MAC and MAT were significantly higher (P<0.01) for group B compared with group A (Table 1 ). The pair-wise correlations among age, body weight, scrotal circumference, semen quality and hormone concentrations of the two groups are summarized in Table 2 . There were significant (P<0.01) positive correlations among age, body weight and SC for both groups. Group A exhibited significant positive correlations for age with semen volume (P<0.05) and MAC (P<0.05) and for semen volume with sperm concentration (P<0.05) and MAC (P<0.01). Similarly, this group showed a significantly (P<0.01) positive correlation between the SC and MAC, sperm concentration and MAC and testosterone and E 2 . On the other hand, group B exhibited significant positive correlations for body weight with semen volume (P<0.05) and sperm concentration (P<0.01) and for age with sperm concentration (P<0.01), SC with sperm concentration (P<0.05), MAC with MAT (P<0.01), MAC with E 2 (P<0.05) and MAT with E 2 (P<0.01). Moreover, this group also showed significant negative correlation between age and MAT (P<0.05) and sperm concentration and MAT (P<0.01).
The significant increase in the SC of the postpubertal bulls compared with the pubertal bulls observed in the present study was consistent with a report showing that SC continues to increase for some time after puberty [8] . Similarly, the semen parameters of the postpubertal bulls in the pesent study increased significantly compared with the pubertal bulls, and this was also consistent with a previous report [17] . The present finding of positive correlation for SC with sperm concentration in the postpubertal bulls may indicate the importance of SC measurement in determination of the sperm producing ability of bulls after puberty. Recent studies in other animal species have increasingly shown the role of estrogen in male reproductive functions. Estrogen is produced by irreversible aromatization of testosterone, which is mediated by the cytochrome P450 aromatase (P450arom) enzyme [6] . P450arom localization has been reported in the Sertoli cells of the prepubertal testis and in the Sertoli cells and Leydig cells of the pubertal testis in horses [10] and rats [4] . Studies based on the male aromatase knockout (ArKO) mouse have shown normal spermatogenesis at the beginning of puberty and decreased fertility with ageing [18] , which may indicate a larger role for estrogen in the function of adult testes. Our recent observations of bovine have indicated the absence of immunohistochemical expression of P450arom in 8-month-old testes and positive expression in the Leydig cells of 18-month-old testes (unpublished). We speculate that P450arom activity begins in the bovine testis around puberty and is followed by production of estrogen by the testis. A decrease in sperm motility has been reported in ArKO mice and in a man with aromatase deficiency [5] . It has also been reported that aromatase may be involved in the acquisition of sperm motility in humans [13] . On the basis of specific functional regulation of efferent ductules and the epididymis by estrogen in other animal species, estrogen may have a similar function in the bovine testis that contributes to the maturational process and, in turn, regulates the motility of spermatozoa in vivo. Further studies on the activity of estrogen receptors and aromatase enzyme in the bovine testis around and after puberty are needed to better understand the functional role of estrogen. Although the present results are based on a small number of animals monitored for a short period, this is the first study of its kind, and it may help to shed light on the role of estrogen in relation to the spermatozoa motility of male animals.
